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============

Supersymmetry (SUSY) \[[@CR1]--[@CR13]\] is an attractive extension of the standard model (SM) offering gauge coupling unification and a solution to the hierarchy problem. In SUSY, a symmetry between fermions and bosons is postulated that assigns a new fermion (boson) to every SM boson (fermion). These new particles are called superpartners or sparticles. The superpotential of a minimal SUSY theory can contain lepton and baryon number violating terms \[[@CR10]\],$$\documentclass[12pt]{minimal}
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At the CERN LHC, sleptons -- the scalar superpartners of leptons -- can be produced in $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {j}=\mathrm {k}=1$$\end{document}$) are dominant. The lepton index determines which sleptons can be produced via this coupling. It also defines the possible decay modes of the LSP, since all decay modes of the LSP into SM particles must involve RPV couplings. Resonant slepton production was first proposed in Refs. \[[@CR17]--[@CR19]\] as a viable signature for RPV SUSY at hadron colliders. Detailed studies of resonant slepton production leading to a same-sign (SS) dilepton signature were presented in Refs. \[[@CR20]--[@CR22]\]. Resonant slepton production was also suggested as a possible explanation for observed deviations from the SM at the Tevatron and the LHC \[[@CR23]--[@CR25]\].

This paper focuses on the resonant production of second-generation sleptons ($\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {p}\mathrm {p}$$\end{document}$ collision data recorded in 2016 without finding any evidence for physics beyond the SM. While the search presented in Ref. \[[@CR31]\] targets various RPC SUSY signals, this paper focuses on RPV SS dimuon signatures from resonant slepton production. The main experimental differences are related to the definition of the signal regions (SRs), the momentum thresholds for the muons, and the fact that no lower bound on the missing transverse momentum is applied here. A recent review of searches and bounds on RPV SUSY can be found in Ref. \[[@CR32]\].

Based on a modified version of the constrained minimal SUSY model (cMSSM) \[[@CR33]\] with $\documentclass[12pt]{minimal}
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For the signal models, a simplified model approach \[[@CR34], [@CR35]\] is used, where the dominant signal contributions are extracted and simulated as independent signals assuming a branching fraction of 100%. One advantage of this approach is that the final exclusion limits are less model dependent than for one based strictly on the cMSSM, since the sparticle masses can be set to combinations not allowed in the cMSSM, and the signal contributions are split into the different production mechanisms and decay chains. The upper and lower diagrams of Fig. [1](#Fig1){ref-type="fig"} will be called simplified model 1 (SM1) and simplified model 2 (SM2), respectively. Another important contribution to SS muon pair production via $\documentclass[12pt]{minimal}
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The CMS detector and event reconstruction {#Sec2}
=========================================

The central feature of the CMS apparatus is a superconducting solenoid of 6$\documentclass[12pt]{minimal}
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The particle-flow algorithm \[[@CR38]\] aims to reconstruct and identify each individual particle in an event, with an optimized combination of information from the various elements of the CMS detector. The energy of electrons is determined from a combination of the electron momentum at the primary interaction vertex as determined by the tracker, the energy of the corresponding ECAL cluster, and the energy sum of all bremsstrahlung photons spatially compatible with originating from the electron track. The energy of charged hadrons is determined from a combination of their momentum measured in the tracker and the matching ECAL and HCAL energy deposits, corrected for zero-suppression effects and for the response function of the calorimeters to hadronic showers. Finally, the energy of neutral hadrons is obtained from the corresponding corrected ECAL and HCAL energies. The missing transverse momentum vector $\documentclass[12pt]{minimal}
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Hadronic jets are clustered from these reconstructed particles using the infrared and collinear safe anti-$\documentclass[12pt]{minimal}
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Monte Carlo simulation {#Sec3}
======================

The [MadGraph]{.smallcaps} 5_a[mc\@nlo]{.smallcaps}  \[[@CR45]\] v2.2.2 generator is used to simulate the following background processes: $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {W}$$\end{document}$ are done with [pythia]{.smallcaps}  v8.205 \[[@CR57]\]. The parton showering and hadronization is simulated using [pythia]{.smallcaps}  v8.212 with the [CUETP8M1]{.smallcaps} \[[@CR58], [@CR59]\] tune for the underlying event. Double counting of additional partons between [MadGraph]{.smallcaps} 5_a[mc\@nlo]{.smallcaps} and [pythia]{.smallcaps} is removed with the appropriate technique for each simulation (MLM matching for LO \[[@CR46], [@CR47]\], FxFx merging for NLO \[[@CR49]\]). All samples include a simulation of the contributions from pileup that is matched to the data with a reweighting technique. The parton distribution functions (PDFs) are NNPDF3.0 LO \[[@CR60]\] for LO and NNPDF3.0 NLO \[[@CR60]\] for NLO samples, respectively. The [Geant4]{.smallcaps}  \[[@CR61]\] package is used to model the detector response for all background processes.

Monte Carlo (MC) simulated signal samples are produced for both simplified models defined in Sect. [1](#Sec1){ref-type="sec"} using [MadGraph]{.smallcaps} 5_a[mc\@nlo]{.smallcaps} at LO accuracy with NNPDF3.0 LO PDFs and [pythia]{.smallcaps} for hadronization and showering. The detector simulation makes use of the CMS fast simulation package \[[@CR62]\]. The mass scans range from 200 to 3000$\documentclass[12pt]{minimal}
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Event selection {#Sec4}
===============

Events with the targeted signal signature will have exactly two muons with the same electric charge, at least two jets from light quarks ($\documentclass[12pt]{minimal}
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Events are selected with exactly two well-identified muons within the acceptance of $\documentclass[12pt]{minimal}
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To ensure that muon candidates originate from the primary vertex, the impact parameter, and the longitudinal displacement from the primary vertex of the corresponding point on the trajectory must be smaller than 0.5 and 1$\documentclass[12pt]{minimal}
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The isolation criterion for muons is based on a combination of three variables ($\documentclass[12pt]{minimal}
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Several additional event vetoes are applied to reduce contributions from multilepton backgrounds. Events with additional muons, one or more electrons, or hadronically decaying tau leptons are rejected. For the muon veto a looser set of identification criteria is used. In addition, the $\documentclass[12pt]{minimal}
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To further separate signal and background, the SR is divided into ten bins indicated by SR1 to SR10 in the plane of $\documentclass[12pt]{minimal}
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Background estimation {#Sec5}
=====================

The sources of the SM background contributions can be divided into three classes: processes with two prompt muons, with at least one nonprompt muon, and with at least one muon from an internal photon conversion.

Processes with two prompt SS muons are estimated with MC simulation. The dominant contributions with prompt leptons come from $\documentclass[12pt]{minimal}
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Contributions from events with at least one nonprompt muon are estimated with the tight-to-loose ratio method. These events arise mostly from $\documentclass[12pt]{minimal}
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Another source of SM background is due to internal photon conversion, where a virtual photon converts into two muons. If the decay is very asymmetric, only one of the muons will pass the muon $\documentclass[12pt]{minimal}
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The most important backgrounds in the first two SR bins are processes with nonprompt muons followed by $\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec6}
========================

The expected yields and shapes of background and signal processes are affected by different systematic uncertainties. The uncertainties taken into account for this search are summarized in Table [1](#Tab1){ref-type="table"}.

Experimental uncertainties include those related to the integrated luminosity, pileup modeling, trigger efficiencies, muon identification efficiencies, $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {b}$$\end{document}$ tagging efficiencies, and jet energy measurement. These uncertainties are taken into account for both expected signal and background yields. For the integrated luminosity measurement an uncertainty of 2.5% is assigned \[[@CR73]\]. The pileup simulation uses the total inelastic cross section, which is varied around its nominal value to obtain an uncertainty estimate. This results in shifts of 0--8% in the expected yields for individual SR bins. The trigger, muon identification, and $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {b}$$\end{document}$ jets and around 10% for light jets. This leads to yield variations between 1 and 2% for simulation-based backgrounds. The jet energy measurement in simulation is corrected to match the energy scale as well as the resolution observed in data. Adding these two uncertainties in quadrature leads to variations between 1 and 8% of the background yields from simulation. For the nonprompt muon background estimate, several uncertainties are taken into account. The statistical uncertainty due to the finite number of events in the tight-to-loose ratio measurement region and the application region is propagated to the resulting event yields. In addition, uncertainties due to prompt-lepton contamination in the tight-to-loose ratio measurement are considered. In total, this results in uncertainties between 32 and 56% for this background. The fit to obtain the normalization of $\documentclass[12pt]{minimal}
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For the main backgrounds estimated from simulation ($\documentclass[12pt]{minimal}
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The signal efficiencies and the corresponding uncertainties due to limited sample sizes are calculated with the Wilson score interval \[[@CR76]\]. Typical values of the uncertainties for SR bins with at least 5% of the yields at a given signal point are within 1--4%. The [MadGraph]{.smallcaps} 5_a[mc\@nlo]{.smallcaps} modeling of initial-state radiation (ISR), which affects the total transverse momentum ($\documentclass[12pt]{minimal}
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Results and interpretations {#Sec7}
===========================

The expected and observed yields for the different SR bins are listed in Table [2](#Tab2){ref-type="table"} and shown in Fig. [2](#Fig2){ref-type="fig"}. The distributions of $\documentclass[12pt]{minimal}
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In addition to the background and data yields, two benchmark signal points are shown. The first one is an SM1 signal with $\documentclass[12pt]{minimal}
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The results are interpreted in terms of the simplified models introduced in Sect. [1](#Sec1){ref-type="sec"}. Upper limits on cross sections are set at 95% confidence level ($\documentclass[12pt]{minimal}
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                \begin{document}$$\text {CL}_\text {s}$$\end{document}$ criterion \[[@CR78]--[@CR80]\] in the asymptotic approximation \[[@CR81]\] with the frequentist profile likelihood ratio presented in Ref. \[[@CR80]\]. The uncertainties listed in Sect. [6](#Sec6){ref-type="sec"} are included as nuisance parameters assuming log-normal distributions and are profiled in the limit setting. The observed cross section upper limits are shown in Fig. [4](#Fig4){ref-type="fig"} as a function of the sparticle masses of each signal point.

The upper bounds on cross sections are translated into coupling limits of the full cMSSM-like model with an additional RPV coupling $\documentclass[12pt]{minimal}
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Summary {#Sec8}
=======

A search for resonant production of second-generation sleptons ($\documentclass[12pt]{minimal}
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